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A 10 GDit/s, 160 OCDMA coding: decoding system based on i 

Auperstructured fiber gratings 



Abstract 

We report the operation of a 10 Gbix/s, 160 Ochip/s OCOMA uTwpolarrbipolar 
Coding: decoding system based on supersmicrumi fiber gratings. Error free operation 
over a transmission distance of 25km of standard fiber is demonstrated wich no power 
penalty. 
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limited pulse conversion, soliton to super-Gaussian pulses, soliton 
io dispersion managed solitons. Gaussian pulses to square pulses. 

1 4. Extend the grating bandwidths of code-decode grating to up to 
200nm or further 

15. Extend technique to other wavelength regimes in the range 70Qnm 
to 2000nm or further 

1 6. Extend the superstructure decoding technique to correlate (provide 
matched filtering) directly with the output form a modulated 
optical source. For example the source can be a directly modulated 
gain-switched diode, and externally modulated DFB laser, a mode- 
locked fibre ring laser with external modulation 

17. Addition of wavelength division multiplexers and demultiplexers 
such as arrayed waveguide gratings to facilitate multi-wavelength 
operation, with one or more wavelengths being operated under the 
code-division multiplexing technique described previously. 

18. Operation of the system with synchronous transmitters and 
receivers 

19. Operation of the system with asynchronous transmitters and 
receivers 

20. Operation of the system with a combination of synchronous and 
asynchronous transmitters and receivers 



This invention can either be viewed as a grating for use in CDM system 
architectures, a method of using gratings in CDM sy stem architectures, a 
CDM architecture for optical communications , or a combined Ct)M and 
WDM system architecture for optical communications. 

By CDM we mean code-division multiplexing systems but also mean 
ultraf&gt packet-switched, or other OTDM networks or transmissions 
systems. 



■i 
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6, 



The apparatus can also include one or more of the following features: 

1 , Incorporation of both dispersion-compensating and encoding or 
decoding gratings into a single superstructure grating 

2, Addition of multiple codes within a single grating - for example 
two codes at different central wavelengths 

3 . further extension of either the grating length or reduction in chip 
size to increase the code length to codes of greater than 5000 chips, 
or more, allowing rapid increases in simultaneous users 

4. More convex superstructure profiles including amplitude and 
phase features to shape controllably the individual chip shapes 
Incorporation of simultaneous additional, multiple functionality 
within a single grating (decoding/coding) strutures eg loss 
compensation and dispersion compensation (2 and 3 order) 
The apparatus may be reconfigured such that the superstructure 
grating as above is used in transmission mode rather than reflective 
mode 

To use higher reflectivity versions of the decoder/coder gratings 
designed using more advanced design algorithms (eg inverse 
scattering techniques) other than by the Fourier approach 
To use cascades of one or more code/decode gratings 
Use advanced codes such as those developed by the mobiie- 
communications community for optimized correlation function 
definition eg M-sequences, Gold sequences or Kasami codes 
Use a combination of a decoder grating and nonlinear element such 
as a semiconductor optical amplifier or fibre-based nonlinear 
switch to enhance the correlation signal contrast and effect further (a, 
enhanced processing functions such as optical routing, header 
removal and rewrite, data packet loading. 

Use parallel arrays of coder-decoder gratings to enhance multi-user 
operation 

Use of coder/decoder approach to allow reduction of nonlinear 
optical effects by extending the bit duration in the time domain, 
thereby reducing optical intensities 

Use superstructure d gratings to shape optical pulses (thai may be 
of a non-optimal form) for a given transmission technique or 
optical processing function to a more-desirable functional form for 
onward transmission or processing* eg chirped pulse to transform 



8. 

9- 



10. 



11. 



12. 



13. 
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r*i 1 Chen et al. Applied Opncs, PP 6 *-*^ 

Experimental sa-up 
refractive indent superstructure is snow" i» 

was -3%. . . „ . m rtwp^retical and expoHmctttal). Tlie refractive 

OKfcdccode process for both tbo "W'«»"!«P 0 5"'»^ for *Tcod«:decode 

standard fiber. 

FiB S curves for * and code:d«:ode before and after crayon. 

Corresponding eye diagrams aire shown mset. 
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Wc fabricated a matched pair of both unipolar and bipolar seven-chip M-sequence r 
coding/decoding gratings. The unipolar gratings were similar in design to those used 
in out earHer experiments [7), only physically much shorter rn length. The total 
grating length in each instance was 4.64mm (corresponding to a temporal code length 
of id.Sps) and the individual chip width was 0.66rnm (corresponding to a chip length 
of 5 *ps), Note that grating phase control can be maintained over lengths of order 
10cm allowing for considerably longer code sequences than demonstrated Iran. The 
amplitude-modulated supersmicture profile used to write the unipolar code grating is 
shown inset in Fig. 2a along with the corresponding theoretical and experimental 
power reflectivity profiles. The bipolar grating design is shown inseL in Fig-2b, and is 
a pure phasf*encode*l structure with discrete u phase shifts at the (NRZ) chip 
transition boundaries. The experimental and theoretical plots are shown in Fig.2b. The 
agreement between the theorcrical and expertraenral spectral responses of both FRQ 
types is seen to be excellent, lughlightine the precision of our grating: writing process 
Note that all of the gratings used in these experiments (including die dispersion 
compensating FBG) were written by appropriate UV exposure through the same, 
uniform period phase mask. The decode gratings in both instances are essentially 
identical to die encoder gratings other than thai they have a spatially-reversed 
refractive index superstructure. 

Since our gratings are still relatively weak we are in the Fourier theory grating design 
limit, such that the impulse response of die grating in Tie time domain is essentially 
given by The superstructure modulation profile used to wire the Eraring. Wc cxammed 
the intensity autocorrelation functions of the incident 2ps pulses on reflection from the 
individual coding/decoding gratings, and found the profiles to be in excellent 
agreement with our theoretical predictions. In Fig. 3 we plot me experimental and 
theoretical intensify autocorrelations functions of the decoder response to the incident 
code patterns for both the unipolar and polar cases respectively. The agreement is 
seen to be excellent tn both cases. The system benefits of using the bipolar gratings 
due to the interferornetric background cancellation are self-evident. In Fig. 4 we plot 
the decoder response to the code after it has propagated over the 251cm dispersion- 
compensated transmission line, thane is evidence of some correlation signal 
degradation, however the cfiects are slight, and in fact negligible in terms of overall 
system performance. 

We performed BER measurements on the ceding: decoding process for. the bipolar 
firatine, both with and without the 25km transmission. The results are summarised in 
Fig. 5 where it is seen that no power penalty associated wtrn code-decode process is 
observed in cither instance. Eye diagrams for both the simple codc:decode and 
transmitted code: decode case are shown inset within Fig-5- as expected no evidence 
of temporal features away from the main, chip-length long, correlation pea* is 
fthoerved. 
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A 10 Ctritfe, loO Gchip/s OCDMA coOingtfccodiag system based on 
aupe ry tt u cuircd fiber gratings 




The area of Optical Code Division Multiple Access (OCDMA) Systems has received 
steadily growing interest in recent years [1-8], OCDMA offers a numkr of attractive 
features for furore local area networks; including higher connectivity, asynchronous 
multiple-access and more flexible bandwidth management Much of the increased 
activity in This area has resulted from improvements in Fiber Bragg Grating (FBG) 
fabrication technology driven mainly by the stringent requirements of DWDM- It is 
now possible to design and reliably fabricate superstructured FBGs with truly 
complex amplitude and phase responses [91, opening up the possibility of using FBG 
components to perform fundamental OCDMA functions such as rhc coding and 
decoding of chip patterns described herein. Supersmictured gratings otter advantages 
in terms of compactness, scalability, integrabflity, cost and ease of manufacture 
relative to competing technological approaches. These alternative approaches include 
the use of; arrayed waveguide gratings (2], fiber delay line arrays [3], arrays of 
discrete FBGs [d] 3 and bulk-grating based systems incorporating some form of spatial 
light modulator [5], 

In earlier work: we demonstrated the generation of raven-chip., direct sequence, 
unipolar code OCDMA bits ar 125 MHz using a sunerstructured FBG, and 
demonstrated optical pattern recognition using a matched FBG filter as a decode- [7]. 
The general approach has been extended more recently by other authors to bipolar 
(phase) encoding, resulting in improved code correlation signatures [S], The repetition 
rate in these more recent experiments was 20MHz with a. chip duration of -3Gps. The 
FBGs used were of a segmented composite form written through a specially patterned 
phase mask and had a reflectivity of just 1 %. 

In this paper we present results on upgrading the superstructure grating approach to 
both fir higher data rates (10 Gbit/sX far shorter chip-lengths (6.4p£) and far higher 
grating reflectivities (up to 50%) than previously demonstrated. We demonstrate the 
flexibility and precision of our continuous scanning fiber/phase mask technique by 
fabricating both unipolar and bipolar coding and decoding gratings with closg to the 
theoretically designed spectral response, and rime domain performance 
characteristics. We present the results of BHR measurements ex 10 Ghit/s on a 
decoded pulse sequence both before and after transmission through 25km of standard 
fiber which show there to be no noises-penalty associated with either the 
coding: decoding process* or the transmission or the coded pulse itself. 

Oux experimental see-up is shown in Fig.l and comprises a 10 GbhV&» — 2ps pulse 
transmitter (based on a regenerahvejy mode-locked, soliton fiber ring laser operaring 
at 10 GHz.), coding and decoding gratings, and an (optional) 25km standard fiber 
oransmission span which had its dispersion compensated with a chirped FBG. 
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Flg.l Experimental set-up. The pseudorandom 
sequence is 2 31 -i bits long. LCFB& Linearly 
chirped fibre Bragg gracing 




1556.Q 15S6.4 1656.8 1557.2 
wavelength (nm) 




1553 15G4 1555 1553 1557 1558 1559 1560 
Wavelength (nm) 

Fig.2 (a) unipolar gracing reflectivity spectrum 
(theoretical and experimental). The refractive 
index amplitude superstructure is shown inset. 
The peak reflectivity of this grating was -3%. 
(b) Bipolar grating reflectivity spectrum 
(theoretical and experimental ). The refractive: 
Index phase superstructure is shown inset. The 
peak reflectivity of this grating was -50%. 



-40 -20 O 20 

Time delay (p$) 
Fig.3 Theoretical and. experimental pulse intensity 
autocorrelation functions for the code;decode 
process for both the unipolar and bipolar grating 
pairs. 




Time daisy (ps) 
Fig 4 Theoretical and experimental pulse intensity 
autocorrelation functions for the codetdeeode 
process both before said after transmission through 
25km of (dispersion compensated) standard fibre. 




■ (dfim) 

Fi£,5 BER curves for back-to-back (open circles), 
and decoded fiignol before (closed circles) and after 
(triangles) transmission: the corresponding eye 
diagrams are shown inset 
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